Objective: Delirium in critically ill patients is considered a risk factor for various long-term consequences. We evaluated delirium and associated long-term outcomes in patients with acute respiratory distress syndrome with non-H1N1 and H1N1-associated severe communityacquired pneumonia (sCAP) who had been recommended to take antiviral drugs associated with delirious symptoms as adverse effects. Methods: Of 64 patients, 42 survivors (H1N1, 15; non-H1N1, 27) were analyzed regarding the relationship between medication and the duration of delirium in the intensive care unit. During follow-up (n ¼ 23), we assessed cognitive abilities, post-traumatic stress disorder (PTSD), physical capacity, and health-related quality of life (HRQoL). .0/) which permits non-commercial use, reproduction and distribution of the work without further permission provided the original work is attributed as specified on the SAGE and Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).
Introduction
Severe community-acquired pneumonia (sCAP) is an important cause of intensive care unit (ICU) admission. Diagnosis of sCAP is based on the presence of one of two major criteria (requirement for mechanical ventilation or need for vasopressors) and at least two of nine minor criteria (respiratory rate of !30 breaths/min, PaO 2 /FiO 2 ratio of 250, multilobar disease, confusion/disorientation, blood urea nitrogen level of !20 mg/dL, leukopenia [white blood cell count of <4000 cells/ mm 3 ], thrombocytopenia [platelet count of <100 000 cells/mm 3 ], hypothermia [core temperature of <36 C], and hypotension requiring aggressive fluid resuscitation). 1, 2 sCAP is associated with a risk of acute respiratory distress syndrome (ARDS). ARDS is characterized by bilateral inflammatory pulmonary infiltrates, impaired oxygenation, and acute onset and with an incidence of 13.5 to 58.7 cases per 100,000 person-years, making it a common lung disease requiring intensive care treatment. [3] [4] [5] [6] Regardless of the cause of ARDS (such as sCAP, nosocomial pneumonia, sepsis, or trauma), patients with ARDS are well known to have a long-term reduction in their health-related quality of life (HRQoL). 7, 8 Cognitive function, particularly memory performance, concentration, attention, and processing speed, remain affected even years after ARDS onset. 9 Therefore, delirium in the ICU has been identified as a predictor of cognitive impairment in patients with ARDS patients. 10, 11 Delirium is a serious and common complication in up to 80% of patients with severe illness being treated in the ICU and is associated with a prolonged hospital stay and poor long-term outcome. 12 However, the long-term outcome of CAP has not been well investigated, especially in patients with CAP in the ICU. 13 In a cohort of patients with mild, moderate, and severe CAP, comorbidities other than CAP itself were speculated to have contributed to the observed reduction in HRQoL.
14 HRQoL using quality-adjusted life years was recently investigated in elderly patients with and without CAP. The authors observed lower HRQoL in patients with than without CAP as measured with the 36-Item Short Form Health Survey and EQ-5D Index up to 12 months after discharge, and 9.7% of patients with radiologically confirmed CAP were admitted to the ICU. 15 Furthermore, in a subgroup of patients with H1N1-associated ARDS, Luyt et al. observed psychological impairment, poorer HRQoL, and symptoms of anxiety, depression, and post-traumatic stress disorder (PTSD). 16 Additionally, delirium and delirium-like symptoms have been reported as adverse effects of antiviral drugs such as the neuroaminase inhibitor oseltamivir, which was widely recommended for patients with H1N1 influenza to shorten the disease course. 17 Other treatmentrelated factors that influence the development of delirium are exposure to opioids 18, 19 and psychoactive medications, 20, 21 which are administered to 98% of patients in the ICU. 22 The pathophysiology of critical illness-associated delirium remains ambiguous and may vary from case to case; thus, the pharmacological approaches and their impact are still unclear. No clear causality between medication and delirium has been identified.
Delirium during treatment in the ICU and its associated risk factors have not been thoroughly investigated in survivors of severe CAP and ARDS. Therefore, in the present study, we focused on the association between medications and delirium in these patients. We examined the incidence and duration of delirium and considered the impact of oseltamivir, opioids, benzodiazepines, propofol, and antipsychotics during treatment of patients with sCAP and ARDS in the ICU. Moreover, we targeted patient-centered long-term outcomes and therefore performed a long-term follow-up of cognitive performance, physical capacity (6-minute walk test [6MWT]), development of PTSD, HRQoL, and the rate of return to work in these patients.
We hypothesized that oseltamivir used for treatment of H1N1 infection increases the incidence and duration of delirium; that the duration of delirium is associated with the administration of opioids, benzodiazepines, and propofol during ICU treatment; that the decreased cognitive performance and increased incidence of PTSD during follow-up are related to the duration of delirium; and that HRQoL is lower in patients with sCAP than in healthy controls.
This study was a secondary analysis and follow-up assessment of a dataset used to investigate the clinical courses of H1N1-associated and non-H1N1-associated infection (see T€ opfer et al.). 23 
Materials and methods

Patient population
Patients with CAP and ARDS who were enrolled in a study of H1N1 vs. non-H1N1 infection from January 2009 to December 2010 and discharged alive from the hospital were included in this study and underwent comprehensive follow-up examinations. The follow-up examinations took place from November 2013 to April 2014 at our center 50 AE 6 months after discharge from the ICU. Age-matched healthy controls were also evaluated for cognitive testing using the Wortschatztest [ 
Methods
The study was approved by the ethics committee of the Charite´-Universit€ atsmedizin Berlin (EA1/123/13) and registered in the German Clinical Trails Register (DRKS 00011913). Before follow-up enrollment, written informed consent was obtained from each survivor. The first part of the analysis focused on the clinical and treatment data in relation to the duration of delirium in surviving patients with H1N1 and non-H1N1 infection. The second part of the analysis focused on a follow-up assessment of the survivors with H1N1-infection with respect to their physical and mental health, cognitive performance, HRQoL, and rate of return to work (see Figure 1 ). , and daily mean and cumulative dose (in mg) of medications were extracted from the patient data management system (PDMS). Psychiatric lifelong and current diagnoses at the time of ICU admission (mood and anxiety disorders) were also extracted from the PDMS.
Medications
Benzodiazepine doses (diazepam equivalent) were calculated for diazepam, lorazepam, and midazolam. Opioid doses (morphine equivalent) were calculated for sufentanil, piritramide, and morphine. Propofol was mainly used for sedation, and haloperidol was mainly used as an antipsychotic medication for treatment of delirium. The ratio of the duration of haloperidol administration and duration of delirium was calculated to monitor the delirium treatment.
Delirium
The RASS was used to measure the patient s agitation or sedation level. 24, 25 Daily screening for the presence and severity of delirium was conducted using the CAM-ICU and Delirium Detection Scale by trained nurses during all three shifts every day. [26] [27] [28] [29] Delirium was determined to be present in patients with a RASS score of þ4 to À2, positive CAM-ICU result, and/ or Delirium Detection Scale score of >7.
Several validated neuropsychological tests were applied to determine the essential aspects of cognitive performance. Intelligence before the onset of ARDS was determined to be the premorbid intelligence.
Premorbid intelligence and cognitive performance
Assessment of premorbid intelligence level. The WST is a vocabulary test that is widely used to estimate the premorbid intelligence level in the German language. 30 Assessment of cognitive performance. The CANTAB is a computerized system for cognitive testing. 31 The correct responses and reaction times were note for each subtest. The Motor Screening Task (MOT) measures speed and accuracy as an index of the subject's motor skill. Pattern Recognition Memory (PRM) is a test of visual pattern recognition memory with immediate recognition (PRM 1) and 20-minute delayed recognition (PRM 2). Spatial recognition memory (SRM) was tested, and attention was assessed with choice reaction time tasks (CRT).
Assessment of learning efficiency and memory.
The VVLT is based on Rey's auditory recall of words and is used to examine learning efficiency and episodic declarative memory. 32 A list of 15 words was learned in 3 sequential presentations at a fixed rate, and the patients were asked to recall as many words as possible. They were then asked to perform a fourth recall after a 20-minute delay. The number of errors and correctly recalled words were measured.
Assessment of executive function. The SCWT is a measure of executive function and contains three parts that measure selective attention, cognitive inhibition, and cognitive flexibility. 33 First, the patients were asked to name a series of color words ("word task"). Second, they were asked to name the color of a bar ("color task").
Finally, they performed a combined "colorword task," which was used to measure their mental flexibility and ability to inhibit a dominant response. The time and number of errors were recorded for all three parts of the SCWT. An interference measure was calculated according to Valentijn et al. 34 :
Assessment of PTSD. The German version of the Post-Traumatic Stress Syndrome 14-Questions Inventory (PTSS-14) was used to assess PTSD-related symptoms. 35 The Post-traumatic Stress Diagnostic Scale (PDS) established by Foa et al. 36 is a screening questionnaire for PTSD according to the Diagnostic and Statistical Manual of Mental Disorders, 4th edition. PTSD was diagnosed when both of the following criteria were met: the PTSS-14 score was !40 and PTSD was identified using the PDS.
A health status questionnaire was also used to ask patients about any current health problems such as neurological or mental disorders.
Assessment of physical performance. The 6MWT is used to assess functional exercise capacity and was performed in accordance with the American Thoracic Society guidelines. 37 The reference equations established by Enright and Sherrill 38 were used to calculate the predicted 6MWT for each individual:
Assessment of HRQoL. HRQoL was assessed using the Medical Outcomes Study 12-Item Short Form (SF-12) questionnaire, which includes two dimensions of quality of life. 39 Six items reflect physical health, and six items reflect mental health. The total score ranges from 0 to 100; higher scores indicate a more favorable quality of life. We matched healthy controls by age and sex from the normal database for the German population.
Rate of return to work. A questionnaire of socioeconomic status was used to ask patients about their employment status at the time of follow-up: work/student; invalidity pension/ sick; unemployment; or retirement.
Statistical analysis
Results are given as median and range or frequency with percentage.
In the first step of the statistical analysis, clinical and treatment-related variables that had been measured during the ICU stay were analyzed for all surviving patients. To compare patients from independent groups (H1N1 infection vs. non-H1N1 infection and follow-up vs. non-follow-up), the Mann-Whitney U test for nonparametric variables was used because the variables were not normally distributed. The chisquare test was used to compare frequencies between independent groups. Robust regression analysis with backward stepwise feature selection was applied to detect relationships between clinical parameters (length of ICU stay, duration of mechanical ventilation, age, and H1N1 infection) and the duration of delirium (first model) as well as between medications (cumulative dose of benzodiazepines, opioids, haloperidol, and propofol) and the duration of delirium (second model). Clinical and pharmacological factors selected from these two models were combined and included in a third model to estimate their impact on the duration of delirium. These selected clinical and pharmacological factors were found to have a significant association with the duration of delirium.
In the second step of the statistical analysis, all patients who underwent subsequent measurement of cognitive performance (CANTAB, VVLT, and SCWT), PTSD, HRQoL, and physical capacity (6MWT) were evaluated and compared with the non-followed-up patients and age-matched healthy controls. The Spearman correlation coefficient was applied to estimate relationships between the subdimensions of cognitive performance (visual and verbal memory, attention, executive function, and working speed) and the duration of delirium. A p-value of <0.05 was considered statistically significant. All tests were conducted as an exploratory data analysis. Therefore, no adjustments for multiple testing were made.
All calculations were performed using Microsoft Excel 2011 Version 14.0 (Microsoft Corp., Redmond, WA, USA), SPSS Version 22 (IBM Corp., Armonk, NY, USA), and R Version 3.0.2 (R Foundation for Statistical Computing, Vienna, Austria).
Results
Patients
Of 64 patients with CAP and ARDS enrolled in the previous study of H1N1 vs. non-H1N1 infection from January 2009 to December 2010, 42 patients were discharged alive from the hospital. Of these 42 survivors (H1N1 infection, n ¼ 15; non-H1N1 infection, n ¼ 27), we recruited 23 patients (H1N1 infection, n ¼ 8; non-H1N1 infection, n ¼ 15) for comprehensive follow-up examinations. Nineteen patients were excluded (no address, n ¼ 4; death after ICU discharge, n ¼ 5; impossible to participate because of a severe handicap with the inability to undergo physical and cognitive examination, n ¼ 8; and availability of only the questionnaire results with no physical or cognitive examination, n ¼ 2) (see Figure 2) . Twenty agematched healthy controls were also assessed.
Clinical and pharmacological characteristics in relation to duration of delirium
The patients with H1N1 infection and non-H1N1 infection showed no significant differences in sex, age, severity of illness (SAPS II, APACHE II), organ failure (SOFA), ICU length of stay, or duration of mechanical ventilation (see Table 1 ; see also T€ opfer et al. 23 ).
Delirium. Thirty-seven patients (88%) developed delirium during their ICU stay. Two patients (5%) were not assessable due to deep sedation. The median duration of delirium was 5 days (range, 0-29 days). However, in all patients, antipsychotic medication was given for twice as long as delirium was detected, and it was given for significantly longer in patients with H1N1 infection than non-H1N1 infection (threefold longer in H1N1 infection vs. twofold longer in non-H1N1 infection, p ¼ 0.019) (see Table 2 ). Patients with H1N1 infection and non-H1N1 infection received the same high daily dose of benzodiazepines, but those with H1N1 infection received a significantly higher cumulative dose of benzodiazepines (p ¼ 0.001) (see Table 2 ). All 15 patients with H1N1 infection received oseltamivir as an antiviral medication for a mean of 8 AE 5 days with a mean daily dose of 245 AE 82 mg and a mean cumulative dose of 1938 AE 1310 mg. There were no differences in the incidence or duration of delirium between patients with H1N1 and non-H1N1 infection (see Table  1 ). The association between the duration of delirium and drug dose (cumulative dose of opioids, benzodiazepines, haloperidol, and propofol) was analyzed with robust regression. This revealed that a higher cumulative dose of opioids (p ¼ 0.00009) and haloperidol (p ¼ 0.004) as well as a lower dose of propofol (p ¼ 0.026) were significantly predictive of a longer duration of delirium in patients with sCAP with ARDS (see Table 3a ). A second robust regression including H1N1 infection, the duration of mechanical ventilation, length of ICU stay, and age was conducted. Neither the H1N1-infection, duration of ICU, mechanical ventilation, nor age showed a significant impact on the duration of delirium (see Table 3b ). Finally, in the selected setting (third model), a higher cumulative dose of opioids (p ¼ 0.0051) and haloperidol (p ¼ 0.011) were significantly associated with a longer duration of delirium (see Table 3c ). Significance was assumed at a two-tailed p-value of < 0.05. *Significant difference.
Long-term outcomes
We compared patients who were followed up (n ¼ 23) and those who were unavailable for follow-up (n ¼ 19) to identify potential confounders for sociodemographic and clinical characteristics between these two groups. Patients who were and were not followed up showed no significant differences in clinical characteristics, incidence of delirium (83% vs. 95%, respectively), or duration of delirium (see Table 4 ). The proportions of patients with H1N1 infection and non-H1N1 infection were equally distributed between the patients who were and were not followed up. Hence, the patients who were followed up were representative of the entire study population. healthy controls (IQ, 107 AE 12). Psychomotor speed measured by MOT latency and verbal processing speed detected with the SCWT1 were significantly lower in patients than in healthy controls (p ¼ 0.007 and p ¼ 0.010, respectively). Furthermore, the performance of visual short-term memory measured by PRM and verbal short-term memory/ working memory measured by VVLT 1 were significantly lower in patients than in healthy controls (p ¼ 0.004 and p ¼ 0.028, respectively) (see Table 5 ).
A relationship between the duration of delirium and cognitive performance was demonstrated in several subdimensions of cognition. Spearman's correlation coefficient revealed a significant relationship between the duration of delirium and diminished MOT latency (speed of motor skills) (p ¼ 0.012), spatial recognition memory correct (visual memory performance) (p ¼ 0.001), VVLT 1 correct (p ¼ 0.023), VVLT 2 correct (p ¼ 0.01), and overall performance of P VVLT 1-3 correct (learning efficiency and episodic declarative memory) (p ¼ 0.016) ( Table 5 ). There were no group differences in cognitive performance measured with the CANTAB in any subtests, VVLT, or SCWT between patients with H1N1 infection and non-H1N1 infection. Analysis of the lifelong diagnosis at the time of hospital admission extracted from the PDMS showed that two patients (9%) had previous depression and one patient (4%) had phobia. Neither of these patients showed high PTSD scores. Furthermore, at follow-up, the two patients (9%) who reported depression in the questionnaire of current health status were not in the PTSD group.
HRQoL and physical performance. The physical dimension of HRQoL as measured with the SF-12 was significantly lower in patients than in age-and sex-matched healthy controls (p < 0.0001). In a comparison of patients with H1N1 and non-H1N1 infection versus healthy controls, only patients with non-H1N1 infection showed a significantly lower physical dimension than controls (p < 0.0001). The mental dimension was not significantly different between these groups (see Table 6 ). Additionally, the 6MWT as a measurement of functional status demonstrated a significantly shorter distance for all patients (median, 425 m; range, 200-570 m) than the inter-individual norms (median, 651 m; range, 303-820 m) (Z ¼ À4.19, p < 0.0001) according to Enright and Sherrill. 38 There was no difference in functional capacity between patients with H1N1 infection (median, 458 m; range, 200-570 m) and those with non-H1N1 infection (median, 410 m; range, 200-550 m). None of the patients reported previous impairments in physical abilities. Five patients (22%) had performed sports on a regular basis before hospital admission.
Moreover, patients with PTSD showed a significantly diminished mental dimension of HRQoL (median, 44; range, 32-49) compared with patients without PTSD (median, 52; range, 33-64) (Z ¼ À2.27, p 0.021) and healthy controls (median, 52; range, 13-72) (Z ¼ À3.23, p < 0.0001).
At the time of follow-up, 34% of patients were employees or students. However, 17% of patients received an invalidity pension, 17% were unemployed, and 22% were retired (see Table 4 ).
Discussion
In this study, we assessed the association of PTSD and cognitive performance with the duration of delirium. Moreover, we considered than an increased duration of delirium was influenced by analgosedative medication. However, we found that young survivors of sCAP and ARDS had a relatively high incidence of cognitive dysfunction, reduced functional capacity, and high incidence of PTSD that were associated with diminished HRQoL and a decreased rate of return to work.
Because the clinical and sociodemographic data were not significantly different between the 23 followed-up patients and 19 non-followed-up patients, we assume that the follow-up results could be transferred to the entire study population.
The results of this study demonstrated that independent of the primary diagnosis, Significant difference between patients and healthy controls b Significant difference between healthy controls and patients with non-H1N1 infection most of the patients in our sample developed delirium (88%). This incidence is slightly above the normal range 12 and might be related to the high severity of illness in our population. Moreover, this investigation focused on comparison of the incidence of delirium between patients with H1N1 and non-H1N1 infection. In contrast to the hypothesis that delirium and delirium-like symptoms are common severe adverse effects of oseltamivir, 17 we did not find a higher rate of delirium in the H1N1 group. Other factors suggested to have an important impact on the development of delirium are the ICU environment, treatment procedures, and medications. 12, [18] [19] [20] [21] In the first regression model that considered the selected medication, the propofol dose was negatively associated with the duration of delirium. One meta-analysis revealed evidence of a positive effect of propofol on delirium-associated risk factors such as the duration of mechanical ventilation and length of stay, which might explain the shorter duration of delirium with longer propofol application. 40 In a relatively high proportion of patients, mechanical ventilation is only tolerated with concurrent medication. A longer duration of propofol administration is helpful to allow for temporary discontinuation of benzodiazepines (e.g., to increase tube tolerance). 41 In contrast to the literature, our second model showed no association between the duration of delirium and age, length of mechanical ventilation, or length of ICU stay. In the final third regression model, which considered the selected medication and significant clinical parameters, we found that opioids and antipsychotic medications had an increasing impact on the duration of delirium independent of the underlying disease. This is in line with the results reported by Pisani et al., 42 who showed an association of higher opioid doses and haloperidol use with persistent delirium. Both the incidence and severity of delirium appear to be associated with opiates. 43 Although several studies have identified benzodiazepines as a risk factor for delirium, the effect of these medications remains ambiguous. 20, 21, 42 In our population, we could not prove that the cumulative dose of benzodiazepines had an effect on the duration of delirium. Moreover, a meta-analysis of randomized trials on the effects of benzodiazepine-based versus non-benzodiazepine-based sedation in mechanically ventilated critically ill patients demonstrated a similar prevalence of delirium for both sedation strategies. 40 Furthermore, the prevalence of delirium in numerous previous studies and the duration of delirium in the present study might be affected by different moderating variables.
In the present follow-up study, the prevalence of PTSD was 16%. This confirms previous epidemiological data. [44] [45] [46] We also proved that patients with PTSD have a significantly longer duration of delirium. The duration of delirium appears to be significantly associated with subsequent PTSD symptoms. This supported previous studies that identified postoperative delirium as a risk factor for acute PTSD. 47, 48 In their cognitive model, Ehlers and Clark 49 postulated that PTSD is characterized by a disturbance of autobiographical memory that manifests as poor elaboration and inadequate integration into autobiographical memories. Delirium is associated with fragmental memories or delusions and therefore seems to affect episodic memory. 50 Consequently, delirium might inhibit encoding of factual ICU events und decrease impairment of autobiographic memory, which is associated with PTSD symptoms. In addition, a high level of fear during a traumatic event is a relevant factor in the etiology of PTSD and leads to a fear network according to the model described by Foa et al. 51 Acute ICU stress and ICU mood were associated with delirious symptoms such as nightmares, agitation, and hallucination. 47 Although the evidence regarding the efficacy of haloperidol in the treatment of delirium is controversial, this drug is still widely used. 52 Our results suggest that antipsychotic medication during treatment in the ICU prolongs delirium and that delirium-related symptoms presumably trigger future anxiety disorders. Consequently, PTSD affects patients' mental well-being and mental HRQoL. The hypothesis that patients with H1N1 infection treated with oseltamivir would show a higher risk of PTSD or traumatic memories was not confirmed. Contrary to the preceding results in our study population, none of the patients with PTSD had suffered from previous depression or anxiety disorders according to their lifelong diagnosis at the time of hospital admission extracted from the PDMS. Furthermore, none of these patients reported depression or anxiety disorders in the questionnaire of their current health status at follow-up. This might have been due to the prominent symptoms of PTSD.
In addition, among survivors of sCAP and ARDS, impairments in objective measurement of exercise capacity (6MWT) corresponded with the patients' perspective of their limitations in physical functioning as measured by the SF-12. Patients described tiredness and fatigue that significantly affected their activities of daily living.
Moreover, at an average of 4 years after discharge, the patients had various markedly severe cognitive dysfunctions, and our interviews indicated that these dysfunctions might become a future career limitation. The duration of delirium was correlated with diminished cognitive performance, particularly the processing speed of motor skills, which is associated with motor impairments and visuomotor coordination. Disproportionate slowing of the information processing speed is presumably related to cognitive limitations. 53 Difficulties in spatial recognition memory as well as short-term or working memory are correlated with the duration of delirium. Because working memory is responsible for planning and carrying out behavior, a decline in working memory leads to difficulties in problem solving and planning. These results confirm previous investigations showing that after hospital discharge, patients experienced a decreased speed of mental performance 10, 54 and deficits in episodic declarative memory, selective attention, cognitive inhibition, and cognitive flexibility as a function of the duration of delirium. Girard et al. 45 discovered cognitive impairments in conjunction with the duration of delirium.
Several limitations of our study should be noted. First, the sample size of this study was small and limited by the survival rate and difficulties in participation due to the patients' existing severe physical impairments. Second, because a main symptom of PTSD is the avoidance of anxiety-inducing or trauma-confronting situations, patients with PTSD avoid frequent re-examination or questioning and therefore also rarely participate in follow-up examinations. Third, because of the weak goodness-of-fit of the regression models, the results must be interpreted cautiously with regard to the influence of the medication on the duration of delirium.
In summary, in this group of young patients with sCAP, the duration of delirium was associated with long-term mental health and cognitive performance, which in some patients might become a future limitation to career development. Despite the small study group, our findings might be indicative of the disease burden in such patients. 55 In addition to medication, nonpharmacological approaches such as nursing, general care provided by medical staff and family caregivers, and a healing environment in the ICU might provide cognitive and emotional support to strengthen any retained adaptive cognitive functioning that the patient possesses. 
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